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POSTURAL  HABITS  AND  COLOUR-PATTERN 
EVOLUTION  IN  LEPIDOPTERA 

By  M.  W.  R.  DE  V.  Graham,  F.R.E.S.'*' 

In  recent  years  much  interest  has  been  displayed  in  the  problems 
of  colour  pattern,  particularly  of  Lepidoptera  (that  order  being 
a  favourite  one  for  obvious  reasons).  Research  on  the  problem  has 
been  carried  out  increasingly  during  the  past  twenty-five  years  both 
in  its  embryological  and  genetical  aspects,  for  instance  in  the  work 
of  Kuhn,  Henke  and  their  pupils  of  the  Gottingen  school,  and  in  the 
morphological  field  by  Siiffert  and  Henke  in  Germany,  by 
Schwanwitsch  in  Russia,  besides  other  workers  in  America,  Italy 
and  elsewhere.  In  this  country  the  problem  has  not  attracted  as 
much  attention  as  it  deserves,  though  some  years  ago  valuable  work 
was  done  by  Dixey  in  this  field.  For  several  years  I  have  been 
working  on  various  aspects  of  colour  pattern,  and  I  should  hke  to 
take  this  opportunity  of  reviewing  briefly  the  trends  of  modern 
research,  of  indicating  how  I  believe  current  views  must  be  modified, 
and  of  mentioning  why  I  consider  the  problem  to  be  an 
important  one. 

It  is  proposed  to  deal  here  only  with  the  morphological  aspect  of 
colour  pattern.  A  great  impetus  to  this  line  of  study  was  provided 
by  Eimer’s  work  “Orthogenesis  der  Schmetterhnge”  in  1897. 
Applying  the  principle  of  homology,  Eimer  believed  that  all  colour 
patterns  could  be  explained  as  modifications  of  a  prototypical  or 
ancestral  form.  He  considered  the  pattern  of  Papilio  podalirius^ 
comprising  eleven  dark  bands  superposed  on  a  yellow  ground,  to 
exemplify  such  a  primitive  form.  All  other  patterns  could  be 
derived  from  this,  by  various  means  such  as  the  fusion  of  the  dark 
bands,  their  breaking  up  into  spots,  etc.,  and  alterations  in  hue  of 
the  pale  ground  colour.  Later  research  has  amply  confirmed  the 
value  of  the  principle  of  homology  as  applied  to  patterns,  but  has 
also  shown  the  fallacy  of  Eimer’s  ideas  regarding  the  “ancestral”  or 
“primitive”  form.  Unfortunately  he  chose  as  his  “ancestral  form” 
one  .which  in  fact  is  probably  highly  speciahzed.  He  was  led  to  do 
.  this  by  faulty  reasoning  from  analogy  with  more  primitive  orders  of 
insects  and  the  development  of  pattern  in  certain  vertebrates. 

*  An  Address  delivered  to  the  Sixth  Annual  Congress  of  British 
Entomologists,  Nottingham,  loth  July,  1950. 
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Obviously  without  some  sounder  basis,  any  such  criterion  of 
“primitiveness”  is  likely  to  be  quite  arbitrary;  hence  modern  workers 
have  rejected  the  idea  of  any  existing  “ancestral  form”  altogether. 
What  they  have  done  is  to  substitute  a  purely  hypothetical 
prototype  or  schematic  diagram  from  which  all  the  patterns  within 
a  particular  group  or  family  can  be  derived  by  modification,  but 
which  is  understood  to  have  no  ancestral  significance.  The  best- 
known  schemes  of  this  kind  are  those  of  Suffert  and  Schwanwitsch 
(see  text-fig.  i).  The  unfortunate  influence  of  Eimer,  however,  still 
persists  to  bias  the  views  of  contemporary  workers  upon  one  very 
important  question:  the  distinction  between  “ground-colour”  and 
“markings.”  Eimer,  and  after  him  nearly  every  writer  on  the  subject, 
assumes  that  the  dark  (melanic)  portions  of  the  design  represent  the 
morphologically  significant  elements  of  patterns,  whilst  the  pale, 
variously  coloured  parts  are  a  mere  background  or  substratum. 
Extensive  reading  of  the  literature  has  failed  to  show  me  any  reasons 
advanced  for  this  choice.  Now  does  this  mean  that  we  must  for  the 
present  leave  unsolved  the  problem  of  the  phylogeny  of  colour 
pattern,  and  that  of  the  relation  between  “ground-colour”  and 
“markings,”  supposing  such  distinct  entities  really  exist  ?  I  do  not 
consider  that  to  be  the  case.  I  believe  that  two  principles  can  be 
employed  in  elucidating  the  question,  the  application  of  which 
I  shall  now  explain. 

The  first  is  simply  that  of  the  classificatory  sequence ;  I  take  it  as 
probable  that  groups  known  to  be  primitive  in  structural  characters 
will  on  the  whole  tend  to  be  more  primitive  in  their  colour  patterns, 
and  take  them  as  my  starting  point.  Used  with  care  this  principle 
seems  to  me  a  safe  one.  It  should  be  pointed  out  here  that  most 
workers,  on  the  contrary,  have  studied  groups  which  are  highly 
specialized  in  structure,  and  often  quite  obviously  in  pattern  also, 
which  does  not  seem  a  logical  procedure. 

The  second  principle  is  an  extension  of  what  has  been  called 
Oudemans’  rule.  This  states  that  in  Lepidoptera  the  colour  pattern 
of  parts  of  the  body  and  wings  which  are  visible  when  the  insect  is 
in  a  state  of  profound  repose  tends  to  differ  from  that  present  on 
concealed  parts.  For  instance,  exposed  parts  often  bear  a  cryptic 
pattern,  while  concealed  parts  carry  a  different,  often  highly  coloured 
one.  The  boundary  between  these  two  contrasting  colour  pattern 
areas  is  often  very  sharply  defined,  frequently  so  much  so  that  by 
merely  looking  at  the  pattern  one  can  obtain  a  reliable  idea  of  how 
the  insect  disposes  its  wings  when  at  rest.  Following  up  this  line,  it 
occurred  to  me  that  might  it  not  be  possible  to  arrive  at  some 
conclusions  regarding  the  evolution  of  colour  pattern  employing 
Oudemans’  rule?  My  work  has  led  me  to  conclude  that  such  is 
very  probable. 
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Text-fig.  i.  Hypothetical  diagrams  of  the  wing-pattem  of  the  Nymphaloid 
famihes  of  Rhopalocera:  left,  according  to  Schwanwitsch;  right,  according 
to  Siiffert.  The  dark  bands  and  rows  of  ocelli  represent  the  elements  of 
pattern.  (After  Schwanwitsch,  1929,  lettering  omitted). 


Hence,  combining  the  two  principles  I  have  mentioned,  I  made 
an  extensive  series  of  observations  on  the  resting  postures,  and  the 
associated  colour  patterns,  of  numerous  species  from  nearly  all 
families  of  Lepidoptera,  starting  with  those  groups  generally 
accepted  as  being  primitive  structurally,  and  working  upwards  to  the 
most  specialized.  This  study  has  convinced  me  that  the  general 
course  of  colour  pattern  in  Lepidoptera  can  be  reUably  estimated. 

A  word  must  now  be  said  regarding  the  various  resting  postures 
found  in  Lepidoptera.  I  have  attempted  to  show  the  probable 
relationships  of  these  postures  in  a  diagram  (text-fig.  2).  In  the  most 
primitive  families,  Micropterigidae,  Hepialidae  and  their  allies  (as 
well  as  in  Trichoptera)  the  resting  posture  is  very  constant  (fig.  2a); 
this  may  be  termed  the  primary  stegopterous  posture.  The 
important  points  to  notice  are  that  the  wings  are  steeply  deflexed, 
the  hindwings  are  not  plicate,  and  are  quite  hidden  beneath  the 
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forewings.  From  this  we  can  derive  the  ordinary  stegopterous 
position  (fig.  2b).  Here  the  wings  are  less  steeply  deflexed,  whilst 
the  hindwings  are  more  or  less  evidently  phcate  in  the  anal  region. 
This  posture  is  very  widespread,  and  may  be  found  in  most 
Tinaeoidea,  Tortricoidea,  Psychoidea,  Cossoidea,  Castnioidea, 
Pyraloidea,  Geometroidea,  Noctuoidea,  and  in  some  “Skippers” 
(Hesperioidea). 

Fig.  2c  shows  a  special  type  of  stegopterous  posture  in  which  the 
wings  are  strongly  curved  or  convolute,  with  the  hindwings  usually 
rather  elaborately  plicate.  It  occurs  in  some  Pyraloidea  (Crambidae) 
and  in  certain  Noctuoidea  (e.g.,  Phalera  hucephala  (L.)).  Another 
special  modification  of  the  ordinary  stegopterous  type  is  seen  in 
fig.  2d,  where  the  costa  of  the  hindwings  becomes  drawn  forwards 
so  as  to  project  in  front  of  the  forewings;  this  posture  is  very 
characteristic  of  Lasiocampids.  Again  derivable  from  the  ordinary 
stegopterous  type,  but  representing  a  more  general  line  of  evolution, 
is  that  of  fig.  2e ;  the  wings  are  deflexed  as  in  fig.  2b,  but  whilst  the 
hindwings  remain  as  before,  the  forewings  are  shifted  forwards  so 
as  to  uncover  them.  This  posture  occurs  in  many  Geometroidea 
(e.g.,  Boarmia,  Eupitheciu:,  etc.),  while  an  interesting  case  is  provided 
by  the  butterfly  Ageronia^  which  is  said  to  rest  thus  on  tree  trunks. 

When  the  forewings  are  spread  out  at  right  angles  to  the  body 
with  the  hindwings  also  drawn  forwards  so  as  to  lie  for  the  most 
part  beneath  them,  we  get  the  posture  seen  in  Pterophoridae 
(fig.  2f).  In  certain  cases  (e.g.,  some  Sphingidae)  the  forewings  are 
advanced  to  a  moderate  degree,  whilst  the  hindwings  project  both 
in  front  of  and  behind  them  (fig.  2g).  Going  back  again  to  the 
ordinary  stegopterous  posture  of  fig.  2b,  we  can  derive  a  different 
trend.  The  first  step  is  the  flat  type  (fig.  2h)  in  which  the  wings  are 
still  folded  back  over  the  body,  but  are  horizontal  and  not  deflexed. 
Examples  occur  in  Tinaeoidea  (Depressaria)  and  Noctuoidea  (many 
Agrotidae,  etc.). 

If  the  process  is  carried  still  further,  the  wings  being  somewhat 
elevated,  we  get  the  posture  of  fig.  2i;  usually  the  forewings  are 
drawn  forward  so  as  to  uncover  the  body.  Some  Pyraloidea  adopt 
this  posture,  as  do  many  Noctuoidea  when  settling  temporarily 
between  flights. 

In  the  special  t5rpe  seen  in  some  “Skippers”  (Hesperioidea)  the 
forewings  only  are  elevated,  the  hindwings  lying  flat  (fig.  2j). 
Elevation  of  both  pairs  of  wings  (fig.  2i)  carried  to  a  further  degree 
is  exemplified  in  fig.  2k.  Some  Geometrids  rest  thus  under  certain 
circumstances  e.g..  Latticed  Heath  {Chiasmia  clathrata  (L.))  ,Thorns, 
etc.,  and  so  do  Calliduhdae  and  frequently  butterflies  whenresting 
temporarily. 

With  figs.  2l  and  2m  we  reach  the  climax  of  this  trend,  in  which 
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Text-fig.  2.  (a)  to  (m).  Diagrammatic  representation  of  the  typical  resting- 
postures  found  in  Lepidoptera;  an  attempt  has  been  made  to  indicate  the 
probable  derivation  of  each  t3rpe  of  posture  from  the  primitive  one  shown 
m  (a). 
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both  pairs  of  wings  are  held  erect  over  the  body;  it  may  be  remarked 
that  some  Geometers  rest  thus  at  times,  while  for  Callidulidae, 
butterflies  and  many  “Skippers”  it  is  the  normal  one  in  permanent 
repose.  In  butterflies  two  modifications  of  the  posture  can  be 
recognized ;  in  one  (fig.  2I)  the  forewings  are  shut  down  beneath  the 
hindwings  so  that  only  their  tips  are  exposed,  while  in  the  other 
(fig.  2m)  the  forewings  are  held  well  up  and  are  for  the  most  part 
exposed.  These  two  modifications  have  been  termed  the  ''Argynnh 
type”  and  the  "'Polygonia  type”  respectively,  since  they  are 
characteristic  of  species  of  those  genera. 

Now  the  significance  of  these  different  postures  for  the  problem 
of  colour  pattern  depends  upon  which  wings,  portions  of  wings,  or 
surfaces,  are  exposed  during  a  state  of  repose.  The  precise  state  of 
affairs  existing  in  each  type  will  be  evident  from  the  diagrams,  and 
I  need  only  say  that  at  first  the  hindwings,  most  of  the  body,  and 
the  whole  underside  are  concealed  from  view.  As  we  pass  through 
the  various  derived  modifications,  the  upper  surfaces  of  the  hind¬ 
wings  and  body  tend  to  become  more  exposed,  and  in  the  line 
leading  up  to  the  butterflies,  as  the  wings  begin  to  be  elevated,  the 
underside  becomes  more  and  more  exposed  until  in  butterflies 
themselves  that  surface  alone  is  visible  in  repose. 

What  relationship  exists  between  these  postures  and  the 
distribution  of  colour  pattern  ? 

I  shall  try  to  explain  the  connection  which  I  believe  does  exist  by 
examining  the  patterns  of  a  group,  the  Micropterigidae,  which  are 
usually  regarded  as  being  the  most  primitive  of  all  Lepidoptera. 
Recent  work  has  shown  that  there  are  good  reasons  for  supposing 
that  they  are  in  fact  much  more  primitive  a  group  than  the  rest  and 
worthy  of  ordinal  rank  (order  Zeugloptera).  However,  for  the 
purpose  of  this  paper  they  will  be  treated  as  forming  part  of  the 
Lepidoptera  in  a  broad  sense,  since  the  principles  enunciated  here 
apply  equally  well  to  Zeugloptera,  and  even  to  Trichoptera. 

In  the  New  Zealand  Micropterigid  Sabatinca  incongruella  Walk. 
(PI.  I  fig.  I )  all  parts  shaded  in  the  figure  are  dark  (purplish- fuscous), 
whilst  the  light  parts  are  pale  golden.  [In  this  and  all  other  figures 
of  actual  species  given  here,  the  insects  are  represented  diagram- 
matically,  the  upperside  being  shown  to  the  right  of  the  median  line, 
the  underside  to  the  left.]  Now  this  species  rests  in  the  primary 
stegopterous  posture  (see  text-fig.  2a),  at  which  times  the  only  parts 
visible  are  the  head,  anterior  two-thirds  of  the  thorax,  and  upperside 
of  the  forewings.  The  contrast  between  the  coloration  of  exposed 
parts  and  concealed  parts  is  therefore  a  perfect  example  of 
Oudemans’  rule. 

The  point  which  it  is  wished  to  emphasize  particularly,  however, 
is  that  the  exposed  areas  are  pale  (coloured),  the  concealed  areas 
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dark.  This  is  a  feature  not  recognized  by  Oudemans  when 
formulating  his  rule,  but  one  which  I  beheve  to  be  of  fundamental 
importance  for  the  problem  of  colour-pattern  evolution. 

I  have  observed  other  species  of  Micropterigidae  in  the  living 
state,  and  all  adopted  the  same  resting-posture,  that  of  text-fig.  2a. 
Moreover,  it  was  interesting  to  find  that  the  general  distribution  of 
colour-pattern  in  these  species  agreed  with  that  of  Sabatinca 
incongruella.  An  examination  of  preserved  specimens  of  all 
Micropterigidae  available  to  me  (about  thirty  species)  revealed  a 
similar  state  of  affairs.  Briefly,  it  may  be  said  that  visible  parts  in 
Micropterigidae  tend  to  bear  a  colour-pattern  of  pale  markings — 
spots,  bands  or  suffusions—while  concealed  parts  are  almost 
invariably  uniformly  dark,  with  at  most  feeble  indications  of  pale 
colour  in  a  few  species. 

Now  colour-pattern  must  be  regarded  as  being  of  some  biological 
significance  to  the  insect  bearing  it,  whether  this  is  of  a  cryptic, 
warning  or  sexual  nature.  Furthermore  pattern,  to  be  functional  in 
any  of  these  ways,  must  be  visible,  either  all  the  time  or  at  least 
under  certain  conditions.  In  Micropterigoidea  we  have  seen  that 
colour-pattern  occurs  only  upon  parts  which  are  visible  in  repose 
(its  nature  being  probably  cryptic  or  disruptive  in  this  case).  One 
may  surmise  that  selection  has  favoured  its  development  upon  such 
parts.  Upon  parts  normally  concealed,  however,  colour-pattern  would 
be  of  little  significance,  and  although  the  potentiality  for  its  produc¬ 
tion  there  might  be  present,  its  development  would  not  be  favoured 
by  selection.  It  is  therefore  felt  that  there  is  good  reason  to  suppose 
that  the  coloration  of  concealed  parts  represents  the  primitive  one, 
and  that  we  can  trace  the  actual  origin  of  colour-pattern  appearing 
as  pale  markings  upon  exposed  parts.  The  dark  (usually  fuscous) 
undifferentiated  tint  of  the  concealed  parts  as  seen  in  Micropteri¬ 
gidae,  which  is  unadorned  by  pattern,  I  shall  term  the  primordial 
dark  ground  or  melanome,  regarding  it  as  the  primitive  condition. 

Passing  to  the  Lepidoptera  in  a  strict  sense,  the  resting-postures 
and  patterns  of  various  species  of  Eriocraniidae  were  examined. 
Again  it  was  found  to  be  a  general  rule  that  exposed  parts  carried 
pale  markings  but  concealed  parts  tended  to  remain  uniformly  dark 
or  at  most  showed  very  rudimentary  traces  of  pattern.  Eriocrania 
sparrmannella  Bose  d’ Antic  (PI.  i  fig.  2)  is  a  typical  example;  the 
head  and  thorax  have  paler  hairs  intermixed  upon  the  upperside,  the 
upperside  of  the  forewings  bears  a  conspicuous  pattern  of  pale 
golden  markings.  The  insect  rests  in  the  stegopterous  posture,  so 
that  these  parts  alone  are  visible.  Concealed  parts  (upperside  of 
abdomen  and  hindwing,  and  whole  underside)  are  dark  fuscous, 
except  that  around  the  tips  and  fringes  of  the  wings  (underside) 
there  are  traces  of  pattern. 
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In  Hepialoidea  the  primary  stegopterous  resting-posture  is 
again  the  usual  one.  Oudemans’  contrast  is  very  evident  in  their 
coloration,  and  again  it  can  be  stated  as  a  general  rule  that  exposed 
parts  (corresponding  to  those  of  Micropterigidae  and  Eriocraniidae) 
bear  a  true  colour-pattern,  while  concealed  parts  tend  to  retain  the 
melanome  unmodified  in  most  cases,  though  in  some  species  a  certain 
amount  of  pattern  may  appear  there,  but  always  a  much  weaker 
version  of  that  seen  upon  exposed  parts.  Hepialus  humuU  (L.) 
provides  a  convenient  illustration  of  Hepialoid  patterns.  In  the 
female  the  exposed  parts  are  variegated  with  yellowish  and  brick-red, 
the  concealed  parts  being  of  a  duller,  reddish-fuscous  hue.  The  male 
(PL  I  fig.  3)  is  remarkable,  in  the  form  illustrated  here,  in  having 
dmost  the  whole  upperside  white  and  the  underside  dark  fuscous. 
This  dark  underside  is  of  course  concealed  in  repose;  but  it  is 
interesting  that  the  upperside  of  the  hindwings,  which  is  also 
concealed  in  repose,  should  be  mainly  white.  It  may  be  suggested 
that  there  is  a  connection  between  tliis  fact  and  the  habit  of  hovering 
at  dusk  known  to  occur  in  this  sex;  it  may  be  a  device  to  promote 
visibility.  At  all  events,  it  exemplifies  a  further  stage  in  which  pale 
colour  has  encroached  upon  a  part  normally  concealed. 

Oudemans’  contrast  is  well  marked  in  all  families  of  Tinaeoidea 
and  Tortricoidea.  Throughout  these  large  groups  the  ordinary 
stegopterous  resting-posture  (text-fig.  2b),  or  a  slight  modification  of 
it  (fig.  2c,  h),  is  the  rule.  Exposed  parts  (upperside  of  head,  thorax 
and  forewings)  alone  tend  to  bear  a  conspicuous  colour-pattern, 
concealed  parts  (upperside  of  abdomen  and  hindwings,  with  most 
of  the  underside)  retaining  with  monotonous  regularity  a  blackish, 
fuscous  or  grey  tint  representing  the  melanome.  PI.  2  fig.  4  shows 
a  typical  example  of  Tinaeoid  pattern.  A  few  exceptions  to  the  rule 
exist.  Sometimes,  as  in  Dasycera  sulphurella  (F.),  a  bright, 
presumably  “flash,”  coloration  appears  upon  the  hindwings.  More 
often  certain  areas  of  the  underside  exhibit  a  paler  motthng  or 


Fig.  I.  Sahatinca  incongruella  Walk.;  underside  of  wings  shown  on  left, 
upperside  of  body  and  wings  on  right. 

Fig.  2.  Eriocrania  sparrmannella  Bose.  ^  (Eriocraniidae).  Underside  shown 
on  left,  upperside  on  right,  of  the  vertical  line. 

Fig.  3.  Hepialus  humuli  L.  cj,  form  transitional  to  var.  hethlandica  Stgr. 
(Hepiahdae).  Underside  and  upperside  as  in  preceding  figure. 

Fig.  4.  Hyponomeuta  cognatella  Hubn.  S  (Hyponomeutidae).  Underside 
and  upperside  as  in  preceding  figures. 

Fig.  5.  Cr ambus  pratellus  L.  $  (Crambidae).  Underside  and  upperside  as 
in  preceding  figures. 

Fig.  6.  Procris  statices  L.  ^  (Zygaenidae).  Underside  and  upperside  as 
in  preceding  figures. 
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suffusion  (hardly  a  definite  pattern),  for  instance  the  body,  costal 
edge  and  tip  of  the  forewing,  and  much  of  the  hindwing.  Far  from 
arguing  against  the  validity  of  the  principle  I  am  trying  to 
demonstrate,  however,  this  exception  is  of  special  interest,  since  it 
provides  a  further  case  of  Oudemans'  contrast.  If  the  insects  in 
question  are  viewed  from  below  when  in  the  resting-posture,  the 
paler-mottled  areas  are  visible,  while  the  dark  parts  are  concealed. 
Doubtless  this  feature  represents  a  very  rudimentary  cryptism  of 
some  shght  though  not  negligible  importance  to  the  insects,  as  it 
should  be  remembered  that  they  do  not  invariably  rest  upon  flat 
surfaces,  hence  these  paler-mottled  parts  of  the  underside  are  really 
“exposed”  under  certain  conditions. 

Cossidae,  of  which  an  example  is  given  in  PI.  3  fig.  7,  adopt  the 
ordinary  stegopterous  posture,  therefore  the  same  parts  are  exposed 
or  concealed  as  those  mentioned  in  previous  groups.  Exposed  parts 
carry  a  very  evident  cryptic  pattern,  a  considerable  proportion  of 
which  is  composed  of  pale  markings.  There  is  also  a  general 
tendency  for  concealed  parts  to  be  darker,  e.g.  the  upperside  of  the 
hindwings  and  disc  of  the  forewings  underside  in  PI.  3  fig.  7.  As  with 
certain  Tinaeoidea  mentioned  above,  it  usually  happens  that  paler 
colour,  in  the  form  of  cryptic  markings,  occurs  also  upon  parts  of 
the  underside  (costa  and  tip  of  forewing,  with  most  of  the  hindwing). 
These  areas  correspond  to  those  visible  (or  exposed)  in  Tinaeoidea 
when  the  insects  are  viewed  from  beneath,  and  may  actually  be 
exposed  at  times  under  natural  conditions,  though  I  have  no  direct 
evidence  of  this. 

With  regard  to  pattern,  Pyraloidea  are  a  rather  heterogeneous 
group.  Their  resting-postures  are  also  variable.  Most  species 
adopt  stegopterous  postures  (text-figs.  2b,  e),  others  the  flat  position 
(fig.  2h).  Crambidae  adopt  the  convolute  posture  (fig.  2c),  whilst 
Pterophoridae  rest  as  in  fig.  2f.  Of  those  adopting  the  stegopterous 
posture,  Crambidae  show  very  obvious  Oudemans’  contrasts. 


Fig.  7.  Cossus  cossus  L.  $  (Cossidae).  Underside  and  upperside  as  in 
preceding  figures. 

Fig.  8.  Plusia  chrysitis  L.  c?  (Plusiidae).  Underside  and  upperside  as  in 
preceding  figures. 

Fig.  9.  Pseudopanther  a  {—Venilia)  macularia  L.  ^  (Selidosemidae).  Under¬ 
side  and  upperside  as  in  preceding  figures. 

Fig.  10.  Taractrocera  danna  M.  (Hesperiidae).  2  Underside  and  upperside 
as  in  preceding  figures. 

Fig.  II.  Lycaena  phlaeas  L.  $  (Lycaenidae).  Underside  and  upperside  as 
in  preceding  figures. 

Fig.  12.  Kallima  inachis  L.  ^  (Nymphalidae).  Underside  and  upperside  as 
in  preceding  figures. 
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Moreover  the  general  distribution  of  pale-marked  and  dark  areas  is 
very  like  that  of  typical  Tinaeoidea^  as  will  be  seen  from  PL  2  fig,  5. 
The  principle  found  to  hold  good  in  previous  groups  therefore  is 
valid  here.  In  Pterophoridaej  too,  exposed  parts  may  be  variously 
coloured,  but  concealed  parts  tend  to  be  darker  on  the  whole. 
Pyralidae  and  Pyraustidae  have  mostly  elaborate  patterns  in  which 
pale  markings  occur  upon  both  pairs  of  wings,  upperside  and 
underside.  In  some  of  these,  which  adopt  the  Geometrid  posture 
(text-fig.  2e)  the  hindwings  are  exposed  (e.g.,  Eurrhypam  urticata 
(L.))  and  also  the  underside  when  the  insect  rests  upside-down. 
Hence  such  forms  do  not  invalidate  the  rule.  Others  (e.g.,  many 
Pyrausta)  resting  in  the  posture  of  fig.  2b  with  the  hindwings 
concealed,  yet  bear  pale  markings  upon  the  latter;  but  often  the  pale 
markings  are  less  numerous  there  (and  also  upon  the  underside)  than 
upon  exposed  parts,  and  pale  suffusions  between  the  more  con¬ 
spicuous  coloured  markings  tend  to  be  less  extensive  (e.g.,  Pyrausta 
purpuralis  (L.)).  The  tendency  for  concealed  parts  to  remain  darker 
is  still  discernible,  though  pattern  evolution  is  now  reaching  a  stage 
which  makes  the  rule  less  easy  to  detect. 

Zygaenoidea  are  mostly  aposematic,  and  for  that  reason  (as  will  be 
mentioned  again  later)  do  not  conform  to  the  rule.  They  invariably 
adopt  the  stegopterous  posture  (fig.  2b).  But  even  here  cases  occur 
in  which  there  is  strong  Oudemans^  contrast  and  where  exposed 
parts  are  paler  than  concealed  parts,  e.g.  Procris  statices  (L.)  (PL  2 
fig.  6).  Here  metallic  colours  are  developed  upon  exposed  areas, 
those  concealed  being  fuscous  or  grey. 

Usually  pale  colour  is  very  strongly  developed  in  Lasiocampoidea 
even  upon  concealed  parts;  but  a  good  example  of  Oudemans' 
contrast  exists  in  Macrothylacia  rubi  (L.)  where  the  insect  is  mainly 
dark  fuscous,  except  upon  the  exposed  forewing  upperside,  which 
bears  pale  markings. 

In  the  large  group  Noctuoidea,  adopting  stegopterous  postures 
(text-figs.  2b,  c,  h),  exposed  parts  usually  exhibit  a  procryptic  colour- 
pattern  composed  of  pale  markings.  Concealed  parts  often  tend  to 
be  darker,  e.g.  the  upperside  of  the  hindwings,  which  is  frequently 
fuscous  or  grey  and  nearly  uniform  (see  PL  3  fig.  8),  thus  showing 
Oudemans’  contrast.  The  underside  is  generally  duller  than  the 
upperside,  but  pale  colour  is  often  developed  upon  it,  and  then 
tends  to  concentrate  upon  parts  which  are  visible  if  the  insect  is 
viewed  from  below,  in  agreement  with  Oudemans^  rule,  Plusia 
chrysitis  (L.)  is  a  very  good  example;  the  underside  bears  much  pale 
colour  forming  a  rudimentary  cryptic  pattern,  but  the  concealed 
disc  of  the  forewing  is  blackish  (PI.  3  fig.  8).  Other  cases  are  much 
less  obvious,  and  often  the  issue  is  complicated  by  the  appearance  of 
flash-coloration  on  the  hindwings;  but  the  habits  of  these  insects 
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render  this  conspicuous  at  certain  times,  although  in  repose  it  is 
concealed. 

Geometroidea  usually  rest  in  positions  indicated  in  text-figs.  2b 
or  e,  but  at  times  certain  species  elevate  the  wings  as  in  fig.  2I  or  m, 
so  that  the  underside  is  exposed;  the  “Thorns”  usually  take  up  the 
posture  of  fig.  2k.  Pale  markings  are  normally  developed  upon  all 
surfaces  of  the  wings  and  are  typically  of  a  cryptic  nature  on  the 
upperside.  The  pale  colour  has  extended  greatly,  so  that 
Oudemans’  contrasts  are  rarely  correlated  with  a  predominance  of 
pale  colour  upon  exposed  parts  and  a  darker  hue  of  those  that  are 
concealed.  But  in  some  species  (e.g.,  Boarmia)  almost  the  whole 
upperside  is  exposed,  while  it  has  been  pointed  out  that  the  under¬ 
side  is  sometimes  visible  owing  to  the  habit  which  certain  species 
have  of  elevating  the  wings.  Some  species  show  Oudemans’ 
contrast  which  also  agrees  with  my  extension  of  the  rule.  Thus 
Pseudopanther  a  macularia  (L.)  (PI.  3  fig.  9)  normally  rests  in  the 
stegopterous  posture,  but  exposes  a  narrow  strip  of  the  hindwing  in 
the  anal  area;  at  times  it  elevates  the  wings  so  that  the  underside 
comes  into  view,  except  for  the  disc  of  the  forewing  which  is  covered 
by  the  hindwing.  Now,  as  indicated  in  the  figure,  the  dark  spots  are 
sulfused  with  an  overlay  or  sprinkling  of  pale  scales  over  areas 
indicated  as  being  exposed,  whilst  on  concealed  areas  they  are  quite 
black;  moreover  the  two  contrasting  areas  are  sharply  demarcated. 
Forms  like  the  “Thorns,”  resting  with  wings  more  or  less  elevated, 
have  a  fairly  conspicuous  cryptic  pattern  involving  much  pale 
colour,  upon  the  underside,  and  thus  provide  a  transition  to  the 
butterflies  (Hesperioidea  and  Papilionoidea)  in  which  Oudemans’ 
contrasts  are  found  essentially  upon  the  underside  when  present. 

The  resting-postures  of  Hesperoidea  are  varied,  and  space  does 
not  allow  their  full  discussion.  But  many  species  adopt  the 
Geometrid  posture  (text-fig.  2e),  or  the  stegopterous  (fig.  2b).  In 
such  cases  their  patterns  are  very  similar  to  those  already  discussed  in 
Geometroidea;  all  parts  of  the  wings  may  carry  pale  markings  and 
Oudemans’  contrast  is  usually  hard  to  detect,  although  there  is  a 
distinct  tendency  in  many  species  for  concealed  parts  to  show  more 
obscure  and  less  extensive  pale  markings  than  areas  which  are 
exposed.  Many  other  species  rest  like  butterflies  (fig.  2I),  however, 
and  usually  exhibit  conspicuous  Oudemans’  contrasts,  e.g. 
Taractrocera  danna  M.  (PL  4  fig.  10)  and  most  other  Pamphilinae;  the 
upperside  has  an  ordinary  colour-pattern,  while  exposed  parts  of 
the  underside  (body,  costa  and  apex  of  forewings,  and  whole  hind¬ 
wing)  show  extensive  pale  colour  which  contrasts  with  the  darker 
concealed  parts  (disc  of  forewing).  The  species  illustrated  is  interest¬ 
ing  because  it  shows  a  dark  streak  upon  the  underside  of  thehindwing; 
this  is  concealed  in  the  resting-posture  by  folds  of  the  wing. 
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In  Papilionoidea  the  underside  (with  a  few  exceptions)  only  is 
exposed  in  the  resting-posture.  Oudemans’  contrasts  are  well 
marked  in  most  species  which  assume  the  Argynnis  type  of  posture 
(text-fig.  2I).  Evidence  that  this  contrast  is  correlated  with  a  tendency 
for  exposed  parts  of  the  underside  to  become  paler  and  concealed 
parts  to  remain  darker  can  be  found  by  careful  study  in  many  species. 
Lycaena  phlaeas  (L.)  (PI.  4  fig,  ii)  must  suffice  as  an  example.  The 
upperside  bears  conspicuous  coloured  markings;  upon  the  under¬ 
side  the  pale  areas,  though  less  bright,  are  more  extensive,  in  fact 
they  cover  most  of  the  apex  of  the  forewing  and  the  whole  hindwing 
(both  exposed  parts).  Over  the  disc  of  the  forewing,  however,  the 
dark  spots  are  larger  and  like  those  of  the  upperside.  The  condition 
is  in  fact  very  similar  to  that  existing  in  Taractrocera  (PI.  4  fig.  10). 

Finally,  there  are  many  butterflies  which  adopt  the  Polygonia  type 
of  posture  (text-fig.  2m).  The  whole  underside  is  exposed,  except 
usually  a  narrow  strip  of  the  forewing  dorsum  where  the  hindwing 
overlaps  it.  Hence  Oudemans’  contrast  is  at  a  minimum,  as  we 
should  expect.  Pale  markings,  too,  are  distributed  over  the  general 
surface,  as  can  be  seen  in  Kallima  (PI.  4  fig.  12),  and  there  is  no 
particular  area  where  the  dark  markings  are  emphasized  as  in 
Lycaena  phlaeas  (PI.  4  fig.  ii).  In  some  species,  however,  that  part 
of  the  forewing  which  is  concealed  by  overlapping  of  the  hindwings 
shows  a  dark  “dorsal  patch,”  like  that  illustrated  diagrammatically 
in  text-fig.  3e  (left).  It  is  interesting  that  in  patterns  so  obviously 
speciahzed  traces  of  the  formerly  extensive  melanome  should  persist 
in  such  a  relatively  small  concealed  area. 

To  summarize,  one  finds  that  in  the  most  primitive  groups 
extensive  areas  of  a  dark  tint  (the  melanome)  cover  concealed  parts 
of  the  body  and  wings,  but  as  one  ascends  the  scale  the  melanome 
becomes  gradually  reduced  through  progressive  development  of 
pale  (coloured)  markings,  which  are  at  first  confined  to  exposed 
parts  but  eventually  invade  even  those  that  are  normally  concealed. 
In  fact  the  pale  markings  appear  to  play  an  active  role  in  the  evolution 
of  colour-pattern.  It  is  mainly  for  this  reason  that  I  regard  the  pale 
components  of  any  design  as  the  true  or  morphologically  significant 
ones,  and  the  melanome  (comprising  the  dark  components)  as  a 
background  playing,  it  is  true,  an  indispensable  part  as  a  contrast 
factor,  but  a  passive  one. 

Text-fig.  3  illustrates  my  views  on  the  two  main  trends  of  pattern 
specialization  which  I  believe  to  occur  in  Lepidoptera.  At  first 
(fig.  3a)  colour-pattern  appears  upon  the  upperside  of  the  head, 
thorax,  forewings  and  perhaps  the  tip  of  the  abdomen.  Probably  the 
ancestors  of  Lepidoptera  possessed  no  colour  pattern  at  all,  i.e.  the 
melanome  was  complete,  much  as  in  the  blacMsh  or  fuscous  hairy- 
winged  Trichoptera  of  the  present  day.  From  this  origin  two  main 
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trends  of  evolution  probably  diverged,  one  tending  towards  the 
greatest  elaboration  of  colour-pattern  upon  the  upperside  (fig.  3b 
and  c),  in  correlation  with  the  stegopterous  type  of  resting-posture, 
and  reaching  its  highest  development  in  Geometroidea.  The  other 
(fig.  3d  and  e)  evolved  an  elaborate  colour-pattern  upon  both 
upper-  and  undersides,  with  any  procryptic  modifications  confined 
to  the  latter;  the  climax  of  this  trend  being  reached  in  the  butterflies. 


Text-fig.  3.  Diagrammatic  representation  of  the  evolution  of  cryptic  and 
non-cryptic  patterns,  with  extension  of  pale  colour  and  consequent  reduction 
of  the  melanome;  (a)  primitive  type  with  epicryptic  pattern  only,  (b)  more 
advanced  type  with  epicryptic  pattern  on  upperside,  rudimentary  hypo- 
cryptic  pattern  on  underside,  (c)  speciahsed  type,  resembUng  (b)  but 
having  more  extensive  hypocryptom  on  underside.  Hypocr5q)tic  types: 
(d)  moderately  specialised,  with  normal  colour-pattern  on  upperside,  well- 
developed  hypocryptom  on  underside ;  (e)  highly  speciahsed  type,  resembling 
(d)  but  having  a  still  more  extensive  h3rpocryptom.  (For  more  detailed 
explanation  see  text). 

Melanome  represented  in  black;  ordinary  pattern  (pale  markings)  as  broad 
hght  bands;  cryptic  areas  by  widely-spaced  vertical  lines;  areas  with 
rudimentary  hypocryptom  by  close  vertic^  shading. 
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Text-fig.  4.  Hypothetical  diagram  of  the  alar  colour-patterns  of  Trichoptera, 
Zeugloptera  and  Lepidoptera,  based  on  original  researches  by  the  present 
author :  (a)  forewing,  (b)  hindwing.  The  diagram  should  be  compared  with 
those  constructed  for  Rhopalocera  by  Schwanwitsch  and  Siiffert  (Fig.  i). 
Of  the  four  categories  of  pattern-element  recognised  by  the  author,  three  are 
shown  above  as  follows :  (a)  primary  series  (unshaded),  (b)  secondary  series 
(stippled),  and  (c)  ocelloid  series.  The  fourth  category,  comprising  venous 
elements,  is  omitted  for  the  sake  of  simpHcity.  (Dark  hnes  between  adjacent 
pale  series,  and  following  the  course  of  the  veins  in  the  above  diagram, 
represent  remnants  of  the  melanome). 
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Since  it  is  the  features  bound  up  with  the  development  of 
procryptic  modifications  which  best  illustrate  Oudemans’  contrasts, 
and  also  the  gradual  reduction  of  the  melanome  in  the  course  of 
evolution  which  forms  one  aspect  of  those  contrasts,  it  is  useful  to 
have  terms  for  designating  the  two  main  evolutionary  trends  just 
mentioned. 

Forms  in  which  cryptism  is  elaborated  upon  the  upperside  I  call 
epicrypticy  the  associated  cryptic  pattern  being  an  epicryptom\ 
similarly  forms  in  which  cryptism  is  developed  exclusively  upon  the 
underside  I  term  hypocrypticy  and  the  associated  cryptic  pattern 
a  hypocryptom. 

It  has  been  shown  that  where  an  epicryptom  is  present, 
a  rudimentary  hypocryptom  may  also  be  developed  upon  the 
underside  (e.g.,  Tinaeoidea,  Noctuoidea,  etc.).  In  true  hypocryptic 
species  (e.g.,  butterflies),  however,  an  epicryptom  never  seems  to  be 
developed  in  addition  to  the  hypocryptom,  although  it  may  replace 
the  latter  as  in  Ageronia. 

Thus  I  believe  that  the  evolution  of  colour-pattern  is  intimately 
connected  with  function  and  correlated  with  postural  habits.  The 
principles  outlined  will  apply  probably  to  all  patterns  with  the 
exception  of  those  of  melanic  and  aposematic  forms.  Even  for 
melanic  forms  they  have  some  significance.  For  instance,  the 
typical  form  of  Biston  betularia  (L.)  (Geometridae)  has  pale  colour 
distributed  over  the  whole  upperside;  but  in  the  melanic  form 
doubleday  aria  Mill,  the  upperside  is  black.  This  species  rests  as  in 
text-fig.  2e,  with  the  forewing  slightly  overlapping  the  hindwing. 
Now  it  is  interesting  to  find  that  in  some  specimens  of  the  form 
doubledayaria  the  portion  of  the  hindwing  thus  concealed  retains  the 
typical  pale  pattern,  although  the  rest  is  black.  This  is  a  complete 
reversal  of  the  principles  I  have  enunciated,  but  could  be  explained 
if  the  melanic  form  is  a  more  recent  modification  of  the  typical  form. 

Space  will  not  allow  the  treatment  of  aposematic  forms,  but 
I  should  mention  that  even  a  few  of  these  (e.g.,  Danaus  chrysippus 
(L.))  accord  with  my  hypothesis. 

As  regards  confirmatory  evidence  for  the  correctness  of  the 
present  thesis,  I  must  anticipate  by  saying  that  comparative  studies 
employing  the  principle  of  homologies  have  shown  me  that  in 
primitive  forms  colour  appears  as  a  few  components  (bands  or 
spots)  which  become  progressively  more  numerous  as  we  ascend 
the  scale.  A  synthesis  of  all  such  coloured  pattern  components  that 
I  have  been  able  to  discover  in  Lepidoptera  and  allied  orders  is 
given  in  text-fig.  4.  It  is  believed  that  any  pattern  existing  in  these 
orders  can  be  explained  as  a  partial  realization  of  this  prototypical 
scheme.  This  diagram  differs  from  those  of  previous  workers  (see 
text-fig.  i)  in  that  the  coloured  (pale),  and  not  the  dark,  portions  of 
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the  design  are  regarded  as  the  morphologically  significant  ones 
(excepting  only  ocelloid  elements).  The  reasons  given  above  show 
why  I  find  it  necessary  to  diverge  from  the  influence  of  Eimer  in  this 
respect,  an  influence  which  I  consider  has,  without  adequate 
grounds,  dominated  research  on  colour-pattern  up  to  the 
present  day. 
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